Background: Mobile teledermoscopy may facilitate skin self-examinations (SSEs) and further improve monitoring and detection of melanoma. Objective: To assess consumer acceptability and expectations of a mobile health app used to: (i) instruct SSE and (ii) conduct consumer-performed mobile teledermoscopy. Methods: People aged 18 years and above were invited to participate in either (i) an online survey or (ii) focus group in Brisbane, Australia. Participants were asked about their SSE practices, mobile teledermoscopy acceptance, and app design and functionality. The online survey responses and focus group discussions were coded by two researchers who conducted thematic analysis. Results: Four focus groups were held with a total of 28 participants; 88 participants completed the online survey. The mean ages of participants in the focus group and online survey were 46 and 38 years, respectively. There were more males in the focus groups (61%, 17/28) compared to the online survey (19%, 17/88). Regular SSEs were conducted by 56 (64%) of the online survey participants. Barriers to SSE were forgetfulness (44%), low self-perceived risk of melanoma (25%) and low confidence in conducting SSEs (25%). The large majority of online survey participants (95%) would consider sending photos of their skin lesions to a medical practitioner via an app. Focus group participants reported that they would accept using mobile teledermoscopy; however, they would prefer to use it to monitor lesions between face-to-face consultations. Conclusions: Overall, participants had positive views on using mobile teledermoscopy to send images of skin lesions to a dermatologist or other medical practitioner.
Introduction
Early diagnosis of melanoma relies on consumers' conduct of regular skin self-examination (SSE), vigilance to any changes on their skin and presenting to their medical practitioner if they notice any changes. Barriers to SSE include forgetfulness, lack of concern about melaConsumer Acceptance of a Mobile Health Application noma and uncertainty of which skin lesions are suspicious [1, 2] . Barriers to presenting to a medical practitioner promptly with lesions of concern include poor knowledge of melanoma, self-perceived low risk of melanoma, and time constraints and travel, particularly for rural or remote populations [3] [4] [5] [6] [7] [8] . These barriers may delay an early diagnosis and could have a detrimental effect on the patient's prognosis. Mobile health applications (apps) may help facilitate SSE and enable consumers to play a much more active role in managing their health [9, 10] .
Mobile teledermoscopy is a promising technology for engaging people in early detection and management of melanoma. Mobile teledermoscopy uses a smartphone, an app to manage images, and an attachable dermatoscope to magnify and photograph skin lesions to remotely send to a dermatologist [10, 11] . These devices can be utilised as an efficient, low-cost communication tool between medical practitioners [12] . For example, a general practitioner can send images to a dermatologist for referral, or a nurse could image lesions as part of a triage system to reduce specialist waiting times and avoid substantial delays for urgent cases [13] . Alternatively, patients could detect their own suspicious lesions for assessment during SSE and communicate directly with their medical practitioner or monitor lesions identified by a medical practitioner.
Mobile teledermoscopy has shown comparable diagnostic accuracy and agreement to face-to-face diagnoses when conducted by medical practitioners [14] and consumers [15] . Using 3,021 images of skin lesions, Warshaw et al. [14] reported that the diagnostic agreement between a clinic dermatologist and teledermatologist was fair to substantial for primary diagnoses (45.7-80.1%; κ = 0.32-0.62). Manahan et al. [15] trialled patient-performed mobile teledermoscopy in 49 participants and found that there was a high sensitivity for at-risk lesions in the participant-level analysis (82%), with reduced sensitivity in the lesion-level analysis (42%). The participant-level analysis assumed that a person with at least 1 suspicious lesion would see a medical practitioner for a whole-body clinical skin examination. Further improvements are required when analysing results on a per-lesion basis, as consumers did not photograph some potentially concerning lesions, although none were suspicious of melanoma [15] . Wu et al. [16] showed that patient-led monitoring of skin lesions was highly concordant with clinical decisions (97%; κ = 0.87).
Given these promising preliminary findings, the number of mobile health apps and devices advertised directly to consumers continues to increase. More evidence for their utility and understanding how to make these apps consumer-friendly and safe is required [17, 18] . In this study, we conducted an online survey and focus groups to explore the factors that may influence consumers' adoption of a mobile health app to conduct mobile teledermoscopy including: (i) current SSE practices, (ii) acceptance of mobile teledermoscopy to support their skin checks, (iii) barriers to adopting mobile teledermoscopy and (iv) their thoughts on how the app should work including design and functionality. This work informed the building of a new consumer-directed app for conducting mobile teledermoscopy that will be tested in a randomised controlled trial.
Material and Methods
For further details, see the online supplementary material (for all online suppl. material, e.g. Materials and Methods and the corresponding Appendix, see www.karger.com/doi/10.1159/000493728) ( Fig. 1) [19] . 
Results

Demographics
All 88 participants who started the survey completed all questions, and hence all were included in the analyses. Participants who completed the online survey had a mean age of 38 years (range: 19-65 years), and 17 (19%, 17/88) were male. Twenty-one (24%, 21/88) of the online survey participants reported having had 1 or more melanoma(s) removed in the past.
A total of 28 participants took part in one of four focus groups (range: 4-11 participants per focus group). Compared to the online survey participants, the focus group participants were older with a mean age of 46 years (range: 22-69 years) and a greater proportion were male (61%, 17/28). The age was missing for 8 focus group participants. Eight (29%, 8/28) of the focus group participants reported having had 1 or more previous melanomas removed.
Skin Self-Examinations
Regular SSEs were conducted by 56 (64%, 56/88) of the online survey participants. Some of the reasons for conducting regular SSEs included: awareness of being at melanoma risk (46%, 26/56) and personal (18%, 10/56) or family history (30%, 17/56) of melanoma. Participants who reported being aware of their melanoma risk were vigilant in checking their skin due to their high-risk phenotype, such as fair skin and personal history of melanoma. Participants who had a personal history of melanoma were concerned about re-occurrences of melanoma: "I am concerned about getting others [melanomas] again" (respondent 2) and "worried that I will get another [melanoma]" (respondent 35). Participants who had a family history of melanoma were often reminded by their family members to check their skin. Other reasons for conducting regular SSEs were being exposed to the harsh Australian environment (11%, 6/56) and high exposure to ultraviolet radiation in the past (11%, 6/56).
Thirty-two (36%, 32/88) of the online survey participants did not regularly check their skin. The main reasons for not performing SSEs were forgetfulness (44%, 14/32), perceived low risk of melanoma (25%, 8/32) and not being confident in conducting SSEs (25%, 8/32). Individuals who did not conduct SSEs reported they "never felt a serious risk of melanoma" (respondent 70) and were "never shown how or instructed to by my physician" (respondent 69). Some of the participants reported that they did not conduct SSE because they preferred to rely on a medical practitioner to check (9%, 3/32).
The focus group participants expressed similar reasons for conducting or not conducting regular SSEs as the online survey respondents. Most participants were aware and pro-active about their melanoma risk. The majority of participants had high pre-existing knowledge of the importance of skin checks. Reasons for being pro-active about their SSEs included mindfulness of the high ultraviolet radiation in Australia, having a phenotype at higher risk of melanoma and/or a personal/family melanoma history.
Focus group participants who did not regularly conduct SSEs provided the following reasons: not confident in checking their own skin, lack of education on which skin lesions were suspicious, laziness, not being able to see all areas of their body and having to rely on a partner to check these hard-to-see areas. Participants expressed that conducting regular SSE was "not something that was in the forefront of (their) mind" and would only check "when worried." One participant mentioned that if he found a suspicious skin lesion during an SSE, then he would delay having a medical practitioner assess the lesion until other medical concerns became evident. In each of the four focus groups, participants preferred to rely on face-to-face skin examinations by a medical practitioner, rather than conducting regular SSEs, as they "don't know how to tell if a mole is bad."
Mobile Teledermoscopy
The vast majority of 88 online survey participants (95%, 84/88) would consider sending photos of their skin lesions to a medical practitioner via a mobile health app. After watching the app demonstration video, participants were asked to list the advantages of the app. Advantages mentioned included the app was user-friendly (32%, 28/88) and convenient (73%, 64/88), as it would be a "quick and easy way of determining whether or not an inperson appointment is necessary" (respondent 62) ( Table  1) . Participants also liked the idea of mobile teledermoscopy as it would reduce worry (11%, 10/88), reduce cost of seeing a dermatologist (8%, 7/88) and minimise embarrassment from undressing in front of a medical practitioner (6%, 5/88). Some participants indicated that they would like to use mobile teledermoscopy to receive a second opinion (6%, 5/88) or to monitor changes in their moles (5%, 4/88), as it would "be a great way to objectively monitor a lesion that appears to be changing" (respondent 37).
Four (5%, 4/88) online survey participants would not consider using mobile teledermoscopy because they be- lieved mobile teledermoscopy would not be as accurate as a face-to-face consultation.
The idea of mobile teledermoscopy was also well accepted by most of the focus group participants. The focus group participants thought that mobile teledermoscopy would be convenient for monitoring skin spots over time and for consulting with their medical practitioner between face-to-face visits. Furthermore, participants thought mobile teledermoscopy would save time and money. The focus group participants expressed that mobile teledermoscopy would be beneficial for those residing in rural areas or who have mobility issues which would impact their ability to travel. Overall, these participants thought the app presented to them in this study was intuitive and was appealing, particularly for younger generations.
The focus group participants also identified barriers to mobile teledermoscopy. Barriers relevant to the medical practitioners included: the potential for overloading the system with many images, accuracy of image diagnoses, extra workload for medical practitioners and setting an affordable price to use the service. The concerns for the participants were that the app could increase anxiety while waiting for a response from the teledermatologist and whether medical providers could meet an acceptable timeline of a few hours to 1 week for a telediagnosis. Participants also acknowledged it would be difficult for the consumer to know which spots to photograph. One participant suggested the technology would be best utilised by medical practitioners who supervised the skin lesion monitoring process stating, "I think those kinds of apps first should be used as communication facilitators among health care professionals and patients, rather than being a diagnostic tool."
App Functionality and Design
Important features of the mobile teledermoscopy app included: instructions on how to take a good-quality image, example images of what constitutes a suspicious lesion and directions on which image to monitor from a medical practitioner. Participants would like to receive reminders to conduct SSEs via push notifications. To be acceptable, the image-taking and sending process needs to be quick and uncomplicated.
From the focus groups, participants reported they would not use apps that took a long time to load, required too many updates or required a large amount of phone memory. Any such features could result in the user deleting the app from their smartphone. They would like the app to integrate single sign-on using their existing information from a social media service, thus removing the step of entering personal details to set up an account. App transparency was important, and participants would like to see reputable organisations and dermatologist's credentials endorsing the service. Participants stated that these endorsements would improve trust in the service. Privacy and Confidentiality Twenty-two (25%, 22/88) online survey participants were concerned about privacy and confidentiality of sending images of their skin lesions via the app. Reasons for privacy and confidentiality concerns included: possibility of online hacking (27%, 6/22), photographs of skin lesions in sensitive body areas (9%, 2/22) and misuse of data (9%, 2/22). Sixty-six (75%, 66/88) online participants who were not worried about privacy and confidentiality issues felt that the benefits of mobile teledermoscopy would outweigh the risks of privacy breaches and were not concerned to send skin lesion images as a "picture of a spot is not revealing" (respondent 78).
Focus group participants were similarly divided about privacy and confidentiality concerns. Some participants expressed concerns regarding health insurance companies obtaining their data and the possibility of hacking. The majority of participants were not concerned about privacy and confidentiality issues surrounding sending of images. Participants were more concerned about the personal medical history that accompanied the images.
Discussion
This study is one of the first to focus on consumers' views about conducting mobile teledermoscopy in the home environment to accompany SSE and found that the idea of using mobile teledermoscopy was generally well accepted. Little is known about consumers' views of mobile teledermoscopy and the factors that may affect consumers' adoption of this technology. Most previous studies that explored acceptance of mobile teledermoscopy focused on clinician acceptance [5, [19] [20] [21] [22] [23] [24] [25] [26] [27] .
Skin Self-Examinations
In our study, 64% of survey participants reported conducting regular SSEs. This was higher than the prevalence of SSE (55%) assessed in a cross-sectional study of 40,172 adults living in Queensland, Australia [28] . One of the main reasons reported in our study for why people did not conduct regular SSEs was because they were not confident in deciding which skin lesions were suspicious. This was also a common theme identified in each of the four focus groups conducted. In our study, participants perceived that an app incorporating SSE instructions would improve their confidence to conduct SSE.
Mobile Teledermoscopy
Overall, consumers perceived that mobile teledermoscopy could be beneficial to help them monitor their skin lesions and enhance earlier detection of melanoma. Perceived usefulness and perceived ease of use are constructs that are integral to the adoption of technology [23, 29] . Our results were similar to two previous studies that assessed the acceptance of consumer-driven mobile teledermoscopy [9, 25] . The first study assessed the acceptance of conducting mobile teledermoscopy in the home environment for the early detection of melanoma (n = 228). Prior to conducting mobile teledermoscopy, 91% agreed that they would find it beneficial [9] . This study also assessed acceptance after use in a subsample of participants who actually used teledermoscopy (n = 49) and found 94% felt it was easy to conduct and 86% reported it would encourage more frequent skin checks. In the second study, a small pilot group of 10 participants found the dermatoscope easy to use [10] . In another study, Marchell et al. [25] conducted both face-to-face (n = 206) and teledermoscopy (n = 209) performed by a medical practitioner and found that participants preferred face-to-face over teledermoscopy. However, overall satisfaction with teledermatology was still high. Participants provided an overall satisfaction score of 4.74 for teledermatology on a 5-point Likert scale with 5 indicating greatest satisfaction [25] . The main concern that could affect attitudes towards the use of mobile teledermoscopy was the reliability of the telediagnoses. Horsham et al. [9] found 45% of 228 participants would be concerned about the accuracy of the telediagnosis. The feedback received from this study will guide the updates of the mobile health app, which will be tested in a randomised controlled trial.
In this study, some participants reported that mobile teledermoscopy would reduce the cost of seeing a dermatologist. A previous review reported people would be willing to pay out of pocket expenses for access to teledermatology services [30] . Spinks et al. [31] conducted a discrete choice experiment to investigate consumer preferences for melanoma screening options using different health services compared to SSE. These investigators determined that participants would be willing to pay up to AUD 110 for mobile teledermoscopy with a dermatologist reviewing the images [31] . The evidence suggests consumers are willing to adopt the technology, but further research is required to determine the accuracy of mobile teledermoscopy compared to face-to-face diagnosis [12] . Privacy and Confidentiality Privacy and confidentiality are important to consider when developing a mobile health app as it may contain sensitive images. The majority of participants were not concerned about privacy and confidentiality issues as they felt that images of skin lesions cannot identify them. However, some participants did express concerns. One concern was the possibility of third parties gaining access to their personal information, in particular private health insurance companies who may use this information to increase premiums or decrease health insurance cover. Wu et al. [16] assessed patient acceptance of teledermoscopy for short-term monitoring of pigmented lesions (n = 29) and found the opposite, that increased privacy and comfort level was one of the most frequently cited reasons for use of teledermoscopy.
Strengths and Limitations
Strengths of the study include using both a qualitative and quantitative approach to better understand people's views on barriers and enablers of mobile teledermoscopy. The study was limited by the small sample size and the voluntary nature of the participant sample as it is likely that those who responded to the study invitation were more interested in melanoma early detection and had strong viewpoints on mobile teledermoscopy compared to the general population; hence, the results may not be generalisable to the general population. Furthermore, the participants were unable to experiment with the mobile health application and mobile dermatoscope, which could have hindered their judgment of the technology.
Conclusion
Consumers support the use of mobile teledermoscopy as an initial point of contact and adjunct to face-to-face dermatology consultations. Mobile teledermoscopy may be a useful tool to complement SSE meriting further study on the accuracy of telediagnoses and translation into clinical practice.
Key Message
Consumers accepted the use of mobile teledermoscopy to improve the detection of melanoma.
